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1. Title and Abstract  
Title: Theoretical Investigation and Calculation of Certain Atomic and 
Molecular Processes Important in the Formation and Destruction of Excited 
Stable Gas Molecules (or Excimers). 
Abstract: The work performed during the contract period 1 October 1978 - 
30 November 1979 is fully documented and is as follows: 
(a) Atomic and Molecular Collision Processes in Rare-Gas-Halide Lasers 
and Rare-Gas Excimer Lasers. 
(b) Semiquantal Treatment of Excited-Atom-Excited-Atom Collisions. 
(c) Systematic Trends in the Inelastic Cross Sections and Form Factors 
for nk 	n'k' Direct Collisional Transitions. 
(d) Multistate Semiclassical Orbital Treatment of Li -H 2 and H+-H2 
Collisions. 
(e) Elastic Scattering and Rotational Excitation in Ion-Molecule Collisions. 
+ II. Li -H2 and H
+-H2 Collisions. 
2. Work Performed and Results Obtained  
The following topics were initiated and completed since the previous 
Technical Progress Report ORO-EY-76-S-05-5002/78 covering the period 
October 1, 1977 - September 30, 1978: 
(A) Atomic and Molecular Collision Processes in Rare-Gas-Halide Lasers  
and Rare-Gas Excimer Lasers. 
The key cycles of atomic and molecular collision processes contributing to 
the formation and quenching of the excited molecular states in exciplex (such 
as KrF* ) laser systems are delineated and discussed. 
(B) Semiquantal Treatment of Excited-Atom-Excited-Atom Collisions. 
The semiquantal treatment of collision processes such as H(a) + H(n oZo ) 
H(n'Z') + 114- + e is described. The associated cross sections display syste-
matic trends in the distribution over final angular momentum states in keeping 
with those previously predicted for e-H(a) inelastic collisions. Deexcitation 
between close-neighboring levels n and n' of the projectile (with simultaneous 
ionization of the target) is generally more rapid than the endothermic processes 
involving the reverse transition in the projectile and, as n is increased, becomes 
quite competitive with those processes associated with no internal-energy change 
in the projectile, particularly at the lower impact energies. The cross sections, 
with appropriate statistical weights, for forward and reverse transitions in the 
projectile tend to the same high-energy limit. 
(C) Systematic Trends in the Inelastic Cross Sections and Form Factors  
for n. 	n'.' Direct Collisional Transitions. 
Certain theoretical predictions are presented for the preferential popu-
lation of final states with angular momentum .' in collisions involving an 
initially excited atom. Varying 	we find that the maxima of both the in- 
elastic form factors and cross sections for the nZ 	n'Z' transitions in hydrogen, 
-2- 
induced by collision with electrons and heavy particles, in general, oscillate 
on a background which rises as 	is increased, until they both attain a 
pronounced peak at a unique valuemax which is strongly dependent on only 
the initial principal quantum number n and which is fairly insensitive to 
changes in 2, and n'. An expression for 	is derived. For 	> 	' max 	 max 
the form factors and associated cross sections exhibit a dramatic decline, 
resulting in negligible population of those states. The predictions differ 
from those suggested by the Bethe high-energy asymptotic limit which favors 
dipole transitions, and assume significance in situations where excited states 
are important as in laser modeling, astrophysical and fusion plasmas, and in 
laboratory studies of excited Rydberg states. For heavy-particle (ni 	n'i') 
collisional transitions the additional undulations which appear in the cross 
sections over a wide energy range are predicted and explained. 
(D) Multistate Semiclassical Orbital Treatment of Li+-H2 and 1-11--H2 
 Collisions. 
A semiclassical orbital description of elastic scattering and of rotational 
excitation in ion-molecule collisions is presented. Specific account is taken 
of interference effects between the classical trajectories that contribute to 
a given scattering angle, and of rainbow scattering. Excellent agreement with 
full quantal differential cross sections is obtained. 
(E) Elastic Scattering and Rotational Excitation in Ion-Molecule Collisions. 
II. Li+-H2 and II-LH? Collisions. 
A general semiclassical treatment of elastic scattering and of rotational 
excitation in ion-molecule collisions is presented. When the orbits associated 
with the different channels corresponding to the internal modes do not differ 
significantly, simplification occurs and the internal degrees of freedom can 
then be coupled to the relative motion via the introduction of an optical 
potential (which in turn depends on the transition amplitudes). Total energy 
is consequently conserved. An expression is derived for the inelastic scatter-
ing amplitude which acknowledges various interference effects and possible 
rainbow scattering. With all phase-information supressed, the procedure, 
when compared with the full quantum-mechanical results, reproduces the back-
ground elastic and inelastic scattering in Li +-H2 and in H+-H2 collisions. 
Restoration of the phases, particularly of the eikonal or action phases associa-
ted with the different classical paths that contribute to a specified scattering 
angle, produces the interference oscillations present in the differential cross 
section for scattering angles less than the rainbow angle. The method, when 
compared with the full quantal procedure, is remarkably efficient and accurate. 
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